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BI-LAYER GATE CAP FOR SELF-ALIGNED
CONTACT FORMATION

BACKGROUND

The present ivention generally relates to integrated cir-
cuits, and more particularly to fabricating semiconductor
structures having self-aligned contacts.

Contacts may be formed 1n order to make electrical con-
nections to a semiconductor device. Contacts to a source
region or a drain region (referred to collectively as “source-
drain regions”) of the semiconductor device may be referred
to as CA contacts. CA contacts may be distinguished from CB
contacts which may form an electrical connection to the gate
of a semiconductor structure. In some cases, the source-drain
regions must remain electrically 1solated from the gate termi-
nal 1n order to maintain functionality of the semiconductor
device. In such situations, a short circuit between the source-
drain regions and the gate may damage the semiconductor
device.

A CA contact may be formed in a contact hole etched 1n an
interlevel dielectric (ILD) layer deposited over the semicon-
ductor device, and therefore may be surrounded by the ILD
layer. As a result of device scaling, selif-alignment techniques
are becoming widely used to relax alignment requirements
and 1mprove control of critical dimensions. A self-alignment
technique commonly used may include a self-aligned contact
(SAC) etch, 1n which a pair of adjacent gates may be used to
align a recess created 1n the ILD layer.

SUMMARY

The ability to manufacture semiconductor structures
including a bi-layer gate cap to improve self-aligned contact
formation may facilitate advancing the capabailities of current
complementary metal-oxide-semiconductor (CMOS) tech-
nology.

According to an embodiment of the present disclosure, a
method of forming a semiconductor structure may include:
forming a metal gate above a semiconductor substrate and
gate spacers adjacent to the metal gate, the metal gate and the
gate spacers may be surrounded by an interlevel dielectric
(ILD) layer. The gate spacers and the metal gate may be
recessed until a height of the metal gate 1s less than a height of
the gate spacers. An etch stop liner may be deposited above
the gate spacers and the metal gate. A gate cap may be depos-
ited above the etch stop liner to form a bi-layer gate cap, the
bi-layer gate cap may include the gate cap and the etch stop
liner. A contact hole may be formed 1n the ILD layer adjacent
to the metal gate, the etch stop liner may prevent damage of
the gate spacers during formation of the contact hole and a
conductive material may be deposited 1n the contact hole to
form a contact to a source-drain region in the semiconductor
substrate.

According to another embodiment of the present disclo-
sure, a method of forming a semiconductor structure may
include: forming a metal gate above a semiconductor sub-
strate, a source-drain region 1n the semiconductor substrate
and gate spacers located on opposite sides of the metal gate.
A first ILD layer may be deposited above the semiconductor
substrate; the first ILD layer may surround the metal gate. The
gate spacers and the metal gate may be etched until a height of
the metal gate becomes less than a height of the gate spacers,
the etching of the metal gate may form a recess above the
metal gate and between the gate spacers. An etch stop liner
may be conformally deposited 1n the recess on top of the
metal gate and on top of the gate spacers. A gate cap may be
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deposited above the etch stop liner. A second ILD layer may
be deposited above the first ILD layer and above the gate cap.
The first and second ILD layers may be etched to form a
contact hole to the source-drain region and a conductive
material may be deposited 1n the contact hole to form a
contact electrically connected to the source-drain region.

According to another embodiment of the present disclo-
sure, a semiconductor structure may include: gate spacers
located on opposite sides of a metal gate on a semiconductor
substrate, a height of the gate spacers may be greater than a
height of the metal gate, an ILD layer above the semiconduc-
tor substrate, a bi-layer gate cap comprising: an etch stop liner
above the gate spacers and the metal gate between opposite
sidewalls of the ILD layer; and a gate cap above the etch stop
liner and a contact electrically connected to a source-drain
region in the semiconductor substrate.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The following detailed description, given by way of
example and not intended to limit the invention solely thereto,
will best be appreciated 1n conjunction with the accompany-
ing drawings, 1n which:

FIG. 1 1s a cross-sectional view of a semiconductor struc-
ture depicting the formation of at least two adjacent FET
devices and a first ILD layer above a semiconductor substrate,
according to an embodiment of the present disclosure;

FIG. 2 1s a cross-sectional view of a semiconductor struc-
ture depicting the recessing of a pair of gate spacers, accord-
ing to an embodiment of the present disclosure;

FIG. 3 1s a cross-sectional view ol a semiconductor struc-
ture depicting the recessing of a metal gate located between
the pair of gate spacers, according to an embodiment of the
present disclosure;

FIG. 4 1s a cross-sectional view of a semiconductor struc-
ture depicting an alternate sequence for recessing the metal
gate and gate spacers, according to an embodiment of the
present disclosure;

FIG. 5 1s a cross-sectional view of a semiconductor struc-
ture depicting the deposition of an etch stop liner, according
to an embodiment of the present disclosure;

FIG. 6 1s a cross-sectional view of a semiconductor struc-
ture depicting the deposition of a cap layer above the etch stop
liner, according to an embodiment of the present disclosure;

FIG. 7 1s a cross-sectional view ol a semiconductor struc-
ture depicting the formation of a bi-layer gate cap, according,
to an embodiment of the present disclosure;

FIG. 8 1s a cross-sectional view of a semiconductor struc-
ture depicting the deposition of a second ILD layer and the
formation of a contact hole, according to an embodiment of
the present disclosure;

FIG. 9 1s a cross-sectional view of a semiconductor struc-
ture depicting the formation of a metallized contact to an
active source-drain region according to according to an
embodiment of the present disclosure;

FIG. 10 1s a cross-sectional view of a semiconductor struc-
ture depicting the formation of etch stop spacers, according to
an alternate embodiment of the present disclosure;

FIG. 11 1s a cross-sectional view of a semiconductor struc-
ture depicting the formation of a bi-layer gate cap, according,
to an alternate embodiment of the present disclosure;

FIG. 12 1s a cross-sectional view of a semiconductor struc-
ture depicting the deposition of a second ILD layer and the
formation of a contact hole, according to an alternate embodi-
ment of the present disclosure; and
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FIG. 13 1s a cross-sectional view of a semiconductor struc-
ture depicting the formation of a metallized contact to an

active source-drain region, according to an alternate embodi-
ment of the present disclosure.

The drawings are not necessarily to scale. The drawings are
merely schematic representations, not intended to portray
specific parameters of the invention. The drawings are
intended to depict only typical embodiments of the invention.
In the drawings, like numbering represents like elements.

DETAILED DESCRIPTION

Exemplary embodiments now will be described more fully
herein with reference to the accompanying drawings, in
which exemplary embodiments are shown. This invention
may, however, be modified in many different forms and
should not be construed as limited to the exemplary embodi-
ments set forth herein. Rather, these exemplary embodiments
are provided so that this disclosure will be thorough and
complete and will fully convey the scope of this mnvention to
those skilled in the art. In the description, details of well-
known {features and techniques may be omitted to avoid
unnecessarily obscuring of the presented embodiments.

As semiconductor devices shrink 1n each generation of
semiconductor technology, formation of CA contacts may
become more challenging because there 1s an increased risk
ol a short circuit between a metal gate and the CA contact.
The risk of a short circuit may be increased because the metal
gate and the CA contact may only be separated by a gate
spacer which may be susceptible to damage during etching of
a contact hole.

A method of forming a semiconductor structure including
a bi-layer gate cap to improve self-aligned contact (SAC)
formation 1s described 1n detail below by referring to the
accompanying drawings in FIGS. 1-13, in accordance with an
illustrative embodiment of the present disclosure. In typical
SAC techmiques, a gate cap may be needed to enable the SAC
process. The gate cap may include different types of nitrides
which may have similar etch properties as a gate spacer.
Owing to the similar etch properties; the gate cap and gate
spacers may get vertically eroded during a borderless reactive
ion etching (RIE) technique used to form the contact hole.
The degree of erosion 1n the gate cap and gate spacers during
borderless RIE may depend on the extent of CA contact
overlapping the gate spacer. Furthermore, vertical erosion of
the gate spacers may increase vertical loss 1n the CA contact.
Accordingly, improving SAC formation may enhance device
performance and increase product yield and reliability.

According to an exemplary embodiment, SAC formation
may be improved by forming an etch stop liner prior to
deposition of the gate cap to form a bi-layer gate cap. The etch
stop liner may be conformally deposited on top of a recessed
gate and of recessed gate spacers to prevent vertical erosion of
the gate cap and gate spacers during formation of the contact
hole. One embodiment by which to fabricate the bi-layer gate
cap to prevent vertical erosion of gate cap and gate spacers
during SAC formation 1s described 1n detail below by refer-
ring to the accompanying drawings in FIGS. 1-9.

Referring to FIG. 1, a cross-sectional view of a semicon-
ductor structure 100 1s shown. At this point of the manufac-
turing process, the semiconductor structure 100 may include
at least two adjacent FE'T devices 104a, 1045 formed over a
semiconductor substrate 102. The FET devices 104a, 1045
may each include a gate structure 110. The gate structures 110
of the two adjacent FET devices 104a, 1045 may be separated
from one another by a first interlevel dielectric (ILD) layer

120. The two adjacent FET devices 104a, 1045 may each
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include an n-FET device or a p-FET device, respectively. It
should be noted that any number of FET devices may be
tabricated in the semiconductor substrate 102 and that the
FET devices 104a, 1045 may include a planar FET, a FinFET
or a nanowire FET.

In this embodiment, the gate structure 110 may be formed
above the semiconductor substrate 102. It should be noted
that the gate structure 110 may be formed 1n any semicon-
ductor substrate known to a person having ordinary skill 1n
the art, including but not limited to SOI substrates and bulk
s1licon substrates. At this point of the manufacturing process,
the gate structure 110 may 1nclude a gate dielectric 114 and a
metal gate 108. In some embodiments, the gate structure 110
may include additional layers (not shown), for example, a
workiunction metal. The gate dielectric 114 may include an
insulating matenal including, but not limited to: oxide,
nitride, oxymtride or silicate imncluding metal silicates and
nitrided metal silicates. In one embodiment, the gate dielec-
tric 114 may include an oxide such as, for example, S10,,
H1O,, Zr0O,, Al,O,, T10,, La,0,, SrT10,, LaAlO;, and mix-
tures thereof. The physical thickness of the gate dielectric 114
may vary, but typically may have a thickness ranging from
approximately 0.5 nm to approximately 10 nm. More prefer-
ably the gate dielectric 114 may have a thickness ranging
from approximately 0.5 nm to approximately 3 nm. The gate
dielectric 114 may be formed by any suitable deposition
technique known 1n the art, such as, for example, chemical
vapor deposition (CVD), plasma-assisted CVD, atomic layer
deposition (ALD), evaporation, reactive sputtering, chemical
solution deposition or other like deposition processes. The
metal gate 108 may include, for example, Zr, W, Ta, Hi, T1, Al,
Ru, Pa, metal oxide, metal carbide, metal nitride, transition
metal aluminides (e.g. Ti,Al, ZrAl), TaC, TiC, TaMgC,
T1AIC, TaAlC), and any combination of those matenals. In
one embodiment, the metal gate 108 may include tungsten
(W). The metal gate 108 may be deposited by any suitable
deposition technique known in the art, for example by ALD,
CVD, physical vapor deposition (PVD), molecular beam
deposition (MBD), pulsed laser deposition (PLD), or liquid
source misted chemical deposition (LSMCD).

Source-drain regions 106 may be formed 1n the semicon-
ductor substrate 102. For the purposes of this disclosure,
source-drain regions 106 formed 1n the semiconductor sub-
strate may also include source-drain regions 106 formed on or
above the semiconductor substrate 102 (not shown). The
steps 1volved 1n forming the source-drain regions 106 are
well known to those skilled 1n the art. The source-drain
regions 106 may include raised source-drain regions, exten-
s10n regions, halo regions, and deep source-drain regions.

It should be noted that the FET devices 104a, 1045 may be
tabricated using either a replacement metal gate (RMG) or
gate last process tlow, or a gate first process tlow. A gate last
process flow will be relied on for the description provided
below.

With continued reference to FIG. 1, gate spacers 112 may
be formed on opposite sidewalls of the metal gate 108 by
conventional deposition and etching techniques. In various
embodiments, the gate spacers 112 may include one or more
layers. While the gate spacers 112 are herein described in the
plural, the gate spacers 112 may consist of a single spacer
surrounding the metal gate 108. The gate spacers 112 may be
made from an insulator material such as an oxide, nitride,
oxynitride, silicon carbon oxymitride, silicon boron oxyni-
tride, low-k dielectric, or any combination thereof. The gate
spacers 112 may have a thickness ranging from approxi-
mately 2 nm to approximately 25 nm. In one embodiment, the
gate spacers 112 may include silicon mitride and may be
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formed by depositing a conformal silicon nitride layer over
the gate structure 110 and removing unwanted material from
the conformal silicon nitride layer using an anisotropic etch-
ing process such as, for example, reactive 1on etching (RIE) or
plasma etching.

With continued reference to FI1G. 1, the first ILD layer 120
may be formed above the semiconductor substrate 102. The
first ILD layer 120 may fill the gaps between the gate struc-
tures 110 and other existing devices within the semiconductor
structure 100. The first ILD layer 120 may be formed by any
suitable deposition method known 1n the art, for example, by
CVD of a dielectric material. The first ILD layer 120 may
include any suitable dielectric material, for example, silicon
oxide, silicon mitride, hydrogenated silicon carbon oxide, sili-
con based low-k dielectrics, tlowable oxides, porous dielec-
trics, or organic dielectrics including porous organic dielec-
trics. In some embodiments, the first ILD layer 120 may
include one or more additional layers (not shown), including
for example, a stress liner or a poly-open chemical mechani-
cal polish (POC) liner deposited between the dielectric mate-
rial and the semiconductor substrate. The first ILD layer 120
may be thinned, for example by a chemical mechanical pla-
narization/polish (CMP) techmique, so that a top surface of
the first ILD layer 120 may be approximately coplanar with a
top surface of the gate structure 110. After CMP, the first ILD
layer 120 may have a thickness ranging from approximately
30 nm to approximately 300 nm.

Referring now to FIG. 2, the gate spacers 112 may be
recessed selective to the first ILD layer 120 and the metal gate
108. The gate spacers 112 may be recessed by any suitable
1sotropic etching technique known 1n the art, such as for
example, directional reactive 10n etching (RIE). Alternately,
the gate spacers 112 may be recessed using a wet etch process
which may be selective to the metal gate 108 and the first ILD
layer 120. After recessing the gate spacers 112 a top portion of
the metal gate 108 may be exposed. In one embodiment
ctching of the gate spacers 112 may stop once a height of
approximately 3 nm to approximately 30 nm of the metal gate
108 15 exposed.

Referring now to FIG. 3, the metal gate 108 may be
recessed selective to the gate spacers 112 and the first ILD
layer 120 to form a gate recess region 10. Ideal etch selectivity
may result in a fast etch rate for the metal gate 108, with little
or no etching of all other matenals. In some embodiments,
some etching of the gate spacers 112 and the first ILD layer
120 may be acceptable. The metal gate 108 may be recessed
by any suitable 1sotropic etching technique known 1n the art,
for example, by directional RIE. The gate may be recessed
until a height of the gate spacers 112 1s greater than a height
of the metal gate 108. In one embodiment, the height of the
gate spacers 112 may be greater than the height of the metal
gate 108 by approximately 3 nm to approximately 30 nm.

Referring now to FIG. 4, alternatively, the metal gate 108
may berecessed prior to recessing the gate spacers 112. In this
case, both the metal gate 108 and the gate spacers 112 may be
recessed by means of any suitable 1sotropic etching technique
known 1n the art, for example, by directional RIE. Isotropic
ctch of the metal gate 108 prior to recessing the gate spacers
112 may form rounded spacers 113 on opposite sidewalls of
the first ILD layer 120 adjacent to the metal gate 108.

Referring now to FIG. 5, an etch stop liner 124 may be
deposited 1n the gate recess region 10. The etch stop liner 124
may function as a protective liner to prevent damage of a
subsequently formed gate cap (FIGS. 6-7) and of the gate
spacers 112 during etching of the contact hole 133 (FIG. 8) to
torm the CA contact 136 (FI1G. 9). The etch stop liner 124 may
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gate cap 128 (shown 1n FIG. 7) and than the gate spacers 112
and first ILD layer 120. In one embodiment, the etch stop liner
124 may include a high-k dielectric material including tran-
sition metal oxides such as hatnium oxides (Hf, O, ), lantha-
num oxides (La,O,) and zircontum oxides (Zr, O, ). In another
embodiment, the high-k material forming the etch stop liner
124 may include silicon-carbide (S1C). The etch stop liner
124 may have a thickness ranging from approximately 1 nm
to approximately 10 nm. The etch stop liner 124 may be
formed by any deposition method know 1in the art, for
example, by atomic layer deposition (ALD). Deposition of
the etch stop liner 124 may delineate an upper contour of the
semiconductor structure 100 creating recesses 12 above the
metal gate 108, between an upper portion of the gate spacers
112 and the first dielectric layer 120.

Referring now to FIG. 6, a cap layer 126 may be deposited
above the etch stop liner 124 to form a gate cap 128 shown 1n
FIG. 7. The cap layer 126 may substantially {ill the recesses
12 (FIG. 5). The cap layer 126 may be made of a suitable
dielectric material capable of being etched selectively relative
to the etch stop liner 124. In some embodiments, the cap layer
126 may be made of substantially the same material as the
gate spacers 112. For example, the cap layer 126 may include
silicon nitride and may have a thickness ranging from
approximately 10 nm to approximately 100 nm. The cap layer
126 may be formed by any deposition method know 1n the art,
for example, by CVD or ALD.

Referring now to FIG. 7, An excess of the cap layer 126
(FIG. 6) and of the etch stop liner 124 (FIG. 6) may be
removed from above the semiconductor structure 100, using,
for example, a CMP process, such that an upper portion of the
cap layer 126 and the etch stop liner 124 may be substantially
coplanar with an upper surface of the first ILD layer 120. The
remaining portion of the cap layer 126 may form the gate cap
128. Together, the gate cap 128 and the etch stop liner 124
underneath may form a bi-layer gate cap 130 1n which the etch
stop liner 124 may prevent vertical erosion of the gate cap 128
and gate spacers 112 during subsequent formation of a con-
tact hole 133 shown 1n FIG. 8.

Referring now to FIG. 8, a second ILD layer 132 may be
deposited above the first ILD layer 120 and above the bi-layer
gate cap 130 and etched to form a contact hole 133 1n the
second and first ILD layers 132, 120. The second ILD layer
132 may be formed by any suitable deposition method known
in the art, for example, by CVD of a dielectric material. The
second ILD layer 132 may include any suitable dielectric
material, for example, silicon oxide, silicon mitride, hydroge-
nated silicon carbon oxide, silicon based low-k dielectrics,
flowable oxides, porous dielectrics, or organic dielectrics
including porous organic dielectrics. The second ILD layer
132 may be made of a substantially similar material as the first
ILD layer 120. Accordingly, 1n some embodiments, the sec-
ond ILD layer 132 may not be distinguishable from the first
ILD layer 120 atter deposition.

To form the contact hole 133, a portion of the first and
second ILD layers 120, 132 may be removed by any suitable
ctching technique known 1n the art including, for example, by
dry etch, wet etch, or combination of both. The removal
technique may be selective to the etch stop liner 124 and to the
gate cap 128. In one embodiment, a RIE technique may be
used to etch the contact hole selectively to the etch stop liner
124 and to the gate cap 128. During formation of the contact
hole 133, a portion of the gate cap 128 may be removed.
However, the etch stop liner 124 may function as a barrier
during the removal of the portion of the first and second ILD
layers 120, 132 to form the contact hole 133. If the etch stop
liner 124 were absent the gate spacers 112 may be damaged
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by the etching technique used to form the contact hole 133,
and therefore a short circuit may be caused between the metal
gate 108 and a subsequently formed contact to the source-
drain regions 106 formed in the contact hole 133.

Referring now to FIG. 9, a contact (herematter “CA con-
tact”) 136 may be formed by filling the contact hole 133 with
a conductive material 134. The CA contact 136 may be elec-
trically connected to a source-drain region 106. The conduc-
tive material may include a material having a high electrical
conductivity. In one embodiment, the conductive material
134 may include, for example, tungsten, copper, aluminum,
silver, gold, alloys thereof, and any suitable combination
thereof. The thickness, or depth, of the conductive material
134 may range from approximately 30 nm to approximately
600 nm, although lesser and greater thicknesses may also be
used. The conductive material 134 may be deposited by any
suitable deposition techmique, such as, for example: ALD,
molecular layer deposition (MLD), CVD, in-situ radical
assisted deposition, metalorganic chemical vapor deposition
(MOCVD), molecular beam epitaxy (MBE), physical vapor
deposition (PVD), sputtering, plating, evaporation, 10on beam
deposition, electron beam deposition, laser assisted deposi-
tion, chemical solution deposition, or any combination
thereol. After formation of the CA contact 136, a planariza-
tion process such as CMP may be performed to remove an
excess conductive material 134 from above the semiconduc-
tor structure 100 (not shown).

Therelfore, forming the etch stop liner 124 prior to forming,
the gate cap 128 during fabrication of self-aligned contacts
may have many advantages, including, but not limited to: the
ctch stop liner 124 may serve as an elfective barrier during
ctching of the contact hole 133 to form the CA contact 136,
preventing vertical erosion of the gate cap 128 and restoring,
the borderless nature of the etch, this semiconductor structure
may enable void free fill of the subsequently deposited cap
materials; the etch stop liner 124 may provide additional
protection to the gate spacers 112 during etching of the con-
tact hole 133 to form the CA contact 136 since erosion of the
gate spacers 112 may also be observed during formation of
the CA contact; and because the etch stop liner 124 may not
need to be removed, an etching step may be eliminated, thus
greatly reducing the possibility of causing further damage to
the gate cap 128 and the gate spacers 112.

An alternate embodiment by which to fabricate a bi-layer
gate cap to prevent vertical erosion during SAC formation 1s
described 1n detail below by referring to the accompanying
drawings 1n FIGS. 10-13.

Referring now to FIG. 10, alternatively the etch stop liner
124 shown in FIG. 5 may be etched by any suitable dry
ctching techmque known 1n the art, such as directional RIE, to
form a group of rounded spacers 224 (hereinaiter “etch stop
spacers’’) located above the gate spacers 112 on opposite
sidewalls of the first ILD layer 120 and above the metal gate
108. The etch stop spacers 224 may provide similar advan-
tages during the formation of contact holes as the etch stop
liner 124 described above in FIGS. 5-9. However, the etch
stop spacers 224 may partially cover an exposed upper por-
tion of the gate spacers 112 and an upper surface of the metal
gate 108. The etch stop spacers 224 may have a thickness
ranging from approximately 2 nm to approximately 8 nm.
Formation of the etch stop spacers 224 may create recesses 22
above the metal gate 108.

Once the etch stop spacers 224 may be formed, the manu-
facturing process may continue following similar processing
steps as the ones described 1n FIGS. 6-9.

Referring now to FIG. 11, a cap material substantially
similar to the material of the cap layer 126 shown in FIG. 6
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may be deposited 1n the recesses 22 (FIG. 10) to form a gate
cap 228. The gate cap 228 may substantially fill the recesses
22 (FIG. 10). The gate cap 228 may include similar materials
and may be formed by similar deposition methods as the cap
layer 126 shown 1n FIG. 6. A CMP process may be conducted
to remove an excess ol the cap layer (not shown) and etch stop
spacers material (not shown) from above the semiconductor
structure 100 such that an upper portion of the gate cap 228
and the etch stop spaces 224 may be substantially coplanar
with an upper surface of the first ILD layer 120. The gate cap
228 and the etch stop spacers 224 may form a bi-layer gate
cap 230 1in which the etch stop spacers 224 may prevent
vertical erosion of the gate cap 228 and of the gate spacers 112
during subsequent formation of a contact hole 233 (FIG. 12).

Referring now to FIG. 12, a second ILD layer 232 may be
deposited above the first ILD layer 120 and above the bi-layer
gate cap 230 and etched to form a contact hole 233 in the
second and first ILD layers 232, 120. The second ILD layer
232 may be formed by any suitable deposition method known
in the art, for example, by CVD of a dielectric material. The
second ILD layer 232 may include any suitable dielectric
material, for example, silicon oxide, silicon mitride, hydroge-
nated silicon carbon oxide, silicon based low-k dielectrics,
flowable oxides, porous dielectrics, or organic dielectrics
including porous organic dielectrics. The second ILD layer
232 may be made of a substantially similar material as the first
ILD layer 120. Accordingly, 1n some embodiments, the sec-
ond ILD layer 232 may not be distinguishable from the first
ILD layer 120 atter deposition.

To form the contact hole 233, a portion of the first and
second ILD layers 120, 232 may be removed by any suitable
ctching technique known 1n the art including, for example, by
dry etch, wet etch, or combination of both. The removal
technique may be selective to the etch stop spacers 224 and
the gate cap 228. In one embodiment, a RIE techmique may be
used to etch the contact hole 233 selectively to the etch stop
spacers 224 and the gate cap 228. During formation of the
contact hole 233, a portion of the gate cap 228 may be
removed. However, the etch stop spacers 224 may function as
a barrier during formation of the contact hole 233. If the etch
stop spacers 224 were absent the gate spacers 112 and the gate
cap 228 may be damaged by the etching technique used to
form the contact hole 233, and theretfore a short circuit may be
caused between the metal gate 108 and a subsequently formed
contact to the source-drain regions 106 formed in the contact
hole 233.

Referring now to FIG. 13, a contact (hereinafter “CA con-
tact”) 236 may be formed by filling the contact hole 233 with
a conductive material 234. The CA contact 236 may be elec-
trically connected to a source-drain region 106. The conduc-
tive material 234 may include a material having a high elec-
trical conductivity. In one embodiment, the conductive
material 234 may include, for example, tungsten, copper,
aluminum, silver, gold, alloys thereolf, and any suitable com-
bination thereof. The thickness, or depth, of the conductive
maternial 234, may range from approximately 30 nm to
approximately 600 nm, although lesser and greater thick-
nesses may also be used. The conductive material 234 may be
deposited by any suitable technique, such as, for example:
ALD, molecular layer deposition (MLD), CVD, 1n-s1tu radi-
cal assisted deposition, metalorganic chemical vapor deposi-
tion (MOCVD), molecular beam epitaxy (MBE), physical
vapor deposition (PVD), sputtering, plating, evaporation, 1on
beam deposition, electron beam deposition, laser assisted
deposition, chemical solution deposition, or any combination
thereolf. Depending on the contact overlay during lithography,
the CA contact 236 may or may not overlap the gate spacers
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112 and the gate cap 228. After formation of the CA contact
236, a planarization process such as CMP may be performed
to remove an excess conductive material 234 from above the
semiconductor structure 200 (not shown).

Theretfore, forming the etch stop spacers 224 prior to form-
ing the gate cap 228 during fabrication of CA contacts may
many advantages over known techniques in the art, including,
but not limited to: the etch stop spacers 224 may serve as an
elfective barrier during etching of the contact hole 233 to
form the CA contact 236, preventing vertical erosion of the
gate cap 228 and restoring the borderless nature of the etch,
this semiconductor structure may enable void free fill of the
subsequently deposited cap matenals; the etch stop spacers
224 may provide additional protection to the gate spacers 112
during etching of the contact hole to form the CA contact 236
since erosion of the gate spacers 112 have been observed
during formation of CA contacts and because the etch stop
spacers 224 may not need to be removed, an etching step may
be eliminated, thus greatly reducing the possibility of causing,
turther damage to the gate spacers 112.

The descriptions of the various embodiments of the present
invention have been presented for purposes of 1llustration, but
are not intended to be exhaustive or limited to the embodi-
ments disclosed. Many modifications and variations will be
apparent to those of ordinary skaill in the art without departing
from the scope and spirit of the described embodiments. The
terminology used herein was chosen to best explain the prin-
ciples of the embodiment, the practical application or techni-
cal improvement over technologies found 1n the marketplace,
or to enable others of ordinary skill 1n the artto understand the
embodiments disclosed herein.

What 1s claimed 1s:

1. A method of forming a semiconductor structure, the
method comprising:

forming a metal gate above a semiconductor substrate and

gate spacers adjacent to the metal gate, wherein the
metal gate and the gate spacers are surrounded by an
interlevel dielectric (ILD) layer;

recessing the gate spacers;

recessing the metal gate until a height of the metal gate 1s

less than a height of the gate spacers;

depositing an etch stop liner above the gate spacers and the

metal gate, wherein the etch stop liner comprises a
high-k dielectric material;

ctching the etch stop liner comprising the high-k dielectric

material to form etch stop spacers above the gate spacers
and above the metal gate;

depositing a gate cap above the etch stop liner to form a

bi-layer gate cap, the bi-layer gate cap comprising the
gate cap and the etch stop liner;

forming a contact hole 1n the ILD layer adjacent to the

metal gate, wherein the etch stop liner prevents damage
of the gate spacers during formation of the contact hole;
and

depositing a conductive material in the contact hole to form

a contact to a source-drain region 1n the semiconductor
substrate.

2. The method of claim 1, wherein the high-k dielectric
material has a high etch selectivity relative to the gate cap and
the ILD layer.

3. The method of claim 1, wherein the high-k dielectric
material comprises a transition metal oxide, said transition
metal oxide being selected from a group consisting of
hatnium oxides, lanthanum oxides, and zirconium oxides.

4. The method of claim 1, wherein the high-k dielectric
material comprises silicon-carbide (51C).
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5. The method of claim 1, wherein recessing the gate spac-
ers occurs after recessing the metal gate.

6. The method of claim 1, wherein etching the etch stop
liner to form etch stop spacers comprises conducting a dry
ctching technique in the high-k dielectric material.

7. A method of forming a semiconductor structure, the
method comprising:

forming a metal gate above a semiconductor substrate, a

source-drain region in the semiconductor substrate and

gate spacers located on opposite sides of the metal gate;
depositing a first ILD layer above the semiconductor sub-

strate, the first ILD layer surrounding the metal gate;
etching the gate spacers;

ctching the metal gate until a height of the metal gate

becomes less than a height of the gate spacers, wherein
the etching of the metal gate forms a recess above the
metal gate and between the gate spacers;

conformally depositing an etch stop liner 1n the recess on

top of the metal gate and on top of the gate spacers,
wherein the etch stop liner comprises a high-k dielectric
material;

ctching the etch stop liner comprising the high-k dielectric

material to form etch stop spacers above the gate spacers
and on opposite sidewalls of the first ILD layer, wherein
the etch stop spacers partially cover the gate spacers and
the metal gate;

depositing a gate cap above the etch stop liner;

depositing a second ILD layer above the first ILD layer and

above the gate cap;

ctching the first and second ILD layers to form a contact

hole to the source-drain region; and

depositing a conductive material 1n the contact hole to form

a contact electrically connected to the source-drain
region.

8. The method of claim 7, wherein the high-k dielectric
material has a high etch selectivity relative to the gate cap
formed on top thereof.

9. The method of claim 7, wherein the high-k dielectric
material comprises a transition metal oxide, said transition
metal oxide being selected from a group consisting of
hatnium oxides, lanthanum oxides, and zirconium oxides.

10. The method of claim 7, wherein the high-k dielectric
material comprises silicon-carbide (S1C).

11. The method of claim 7, wherein recessing the gate
spacers occurs after recessing the metal gate.

12. The method of claim 7, wherein etching the etch stop
liner to form etch top spacers comprises conducting a dry
etching technique in the high-k dielectric material.

13. A semiconductor structure, the structure comprising:

gate spacers located on opposite sides of a metal gate on a

semiconductor substrate, a height of the gate spacers
being greater than a height of the metal gate;

an ILD layer above the semiconductor substrate;

a bi-layer gate cap comprising;

an etch stop liner above the gate spacers and the metal
gate, wherein the etch stop liner comprises a plurality
of etch stop spacers on the metal gate and on the gate
spacers; and
a gate cap above the etch stop liner; and
a contact electrically connected to a source-drain region in

the semiconductor substrate.
14. The semiconductor structure of claim 13, wherein the
etch stop liner comprises a high-k dielectric material that has
high etch selectivity to the gate cap.
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15. The method of claim 14, wherein the high-k dielectric
material comprises a transition metal oxide selected from the

group consisting of hatnium oxides, lanthanum oxides, and
zircontum oxides.

16. The method of claim 14, wherein the high-k dielectric
material comprises silicon-carbide (S1C).
17. The semiconductor structure of claim 13 wherein the

etch stop spacers are rounded and partially cover the gate
spacers and the metal gate.
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